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Currently, CNS diagnostics applies a few imaging methods: computed tomography -CT, magnetic resonance imaging -MRI, and ultrasonography for diagnostics of infants under 12 months old [1] . These different imaging modalities make it possible to show precisely the anatomy of the brain but also a lot of pathological changes [2] [3] [4] . Computed tomography (CT) is especially useful for the evaluation of brain morphology, including the size and shape of the ventricular system. CT images show differences in ventricular size in order to confirm ventricular widening or narrowing [2, 5, 6] .
In children, changes of the ventricular system are connected with their development or show individual changes. However, they can be a result of many pathological factors influencing the child in infantry and childhood [5] . To evaluate intracranial fluid spaces, it was essential to establish reference values which determine their normal size taking into consideration developmental changes.
There are many indices based on linear measurements, which can be used to describe the ventricular system: Evans' Index, Huckman Number, Bicaudate -Frontal (ventricular) Index, Schiersmann's Index, Bicaudate Index etc. [7] [8] [9] [10] . Their reference values can be found in the literature. Unfortunately, these data are not uniform for all age groups, because children undergo developmental changes. The aim of the presented research was to provide new reference values for the selected linear indices for intracranial fluid spaces in children from different age groups.
Material and Methods
The analysis included 507 CT images of the head in children diagnosed between January and August 2007 in Górnośląskie Centrum Zdrowia Dziecka Śląskiego Uniwersytetu Medycznego w Katowicach. The research material included the population of children from Silesia, of both sexes, aged from 1 day to 18 years (297 M, 210 F).
CT examinations were performed in transverse planes, with slice thickness of 3 and 8 mm, with the use of Somatom PLUS 4 scanner by Siemens. Only standardized CT examinations, i.e. performed along with proper planes, were analyzed. All CT examinations were radiodiagnostically described as normal (Group I) or abnormal (Group II). Measurements performed in Group I were used for 
Index Description
Huckman Number AH+BN [11] Sum of the maximum distance between anterior horns and minimum bicaudate nuclei distance Minimum bicaudate nuclei distance divided by maximum internal skull diameter.
Schiersmann's Index H/E [7] Maximum external diameter of the skull divided by cella media distance. Linear measurements were performed on standardized transverse slices with the use of SIENET Magic View 300 -DICOM CD Browser (Figure 1 ). Specified linear measurements on the selected transverse sections were taken.
Based on the measurements, the following linear indices were calculated: Huckman number, Evans' Index, Bifrontal Index, Bicaudate-Frontal Index (Ventricular Index), Bicaudate Index, Bicaudate-Temporal Index, Schiersmann's Index (Table 1) . On the basis of developmental changes of the skull, ventricular system and arachnoid granulations, the children were divided into 7 age groups ( Table 2) . To establish reference values, the percentile method was used.
For Group I, the mean value, SD, median, quartiles 1 and 3, as well as the10 th and 90 th percentile were calculated for each age group. Values between the 10 th and 90 th percentile were described as an unquestionable norm. Percentile range from 3 rd to 10 th and from 90 th to 97 th was qualified as an "observation zone" and excluded from the norm creation [11, 12] . Table 7 . Reference values of the Bifrontal Index for Group I.
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For Group II, the mean value and SD were calculated, as well as the maximum and minimum. Statistical analysis was based on Pearson's chi-square test to check the population distribution, and on Kolmogorov-Smirnov test to compare the sample with a reference probability distribution. The variation analysis between age groups was performed and correlation coefficient according to age was calculated. For normal distribution and variance homogeneity among the age groups, the parametric ANOVA test was used. For other types of distribution, the nonparametric MannWhitney U test and Kruskal-Wallis test were used. The Kruskal-Wallis test does not assume a normal distribution.
Results
Huckman Number(AH+BN) -a sum of the maximum distance between anterior horns and of the minimum bicaudate nuclei distance ( Figure 2 ).
Changes between groups >3-6 years*, >6-9 years*, >12-15 years, and >15-18 years* in Group I and II were statistically significant (a high statistical significance, with P value of < 0.002, was marked with *) ( Table 3 ). The index presented increase according to the age (correlation coefficient at the level of "0.34"). No significant differences in the Huckman Number were found between consecutive age groups (P>0.01) ( Evans' Index (AH/G) -maximum distance between anterior horns divided by maximum internal skull diameter ( Figure 3 ).
Evans' Index changes between groups 0-12 months, >3-6 years* (P<0.006), >6-9 years, >12-15 years, and >15-18 years in Group I and II were of statistical significance (Table 5) . Index value showed decrease according to the age (correlation coefficient of "-0.12"). No significant differences in the Evans' Index were found between consecutive age groups (P>0.01) ( Table 6 ).
Bifrontal Index (AH/F) -maximum distance between anterior horns divided by maximum internal diameter of the frontal bone ( Figure 4 ). Statistically significant differences between age groups >3-6 years, and >6-9 years* (P<0.001) in Group I and II were noted ( Table 7) . The index presented an increase according to the age (correlation coefficient at the level of "0.18"). Differences in the Bifrontal Index between consecutive age groups were not statistically significant (Table 8) .
Bicaudate-Frontal Index (Ventricular Index) (BN/AH) -minimum bicaudate nuclei distance divided by maximum distance between anterior horns ( Figure 5 ).
Changes between groups 0-12 months* (P<0.001), >3-6 years* (P<0.002), >6-9 years, >9-12 years, >12-15 years* (P<0.001), >15-18 years* (P<0.001) in Group I and II were statistically significant ( Table 13 . Reference values of the Bicaudate-Temporal Index for Group I.
Original Articledecrease according to the age (correlation coefficient of "-33"). Changes between consecutive age groups >3-6 years (P<0.005), >6-9 years (P<0.001), >9-12 years (P<0.001) and >12-15 years (P<0.001) in comparison to the "0-12 months" group showed a high statistical significance (Table 10) .
Bicaudate Index (BN/BNI) -minimum bicaudate nuclei distance divided by internal skull diameter measured along the same line ( Figure 6 ).
Changes between groups 0-12 months* (P<0.001), >12-36 months, >6-9 years* (P<0.003), >12-15 years* (P<0.004), >15-18 years* (P<0.001) in Group I and II were of statistical significance (Table 11 ). The index presented a decrease according to the age (correlation coefficient of "-0.26"). No significant differences in the Bicaudate Index were found between consecutive age groups (P>0.01) ( Table 12) .
Bicaudate-Temporal Index (BN/G) -minimum bicaudate nuclei distance divided by maximum internal skull diameter ( Figure 7 ).
Changes between groups 0-12 months* (P<0.001), >12-36 months, >3-6 years* (P<0.001), >6-9 years* (P<0.001), >9-12 years, >12-15 years* (P<0.001), >15-18 years* (P<0.001) in Group I and II were statistically significant (Table 13) . Index value showed a decrease according to the age (correlation coefficient of "-0.32"). No significant differences in the Bicaudate -Temporal Index were found between consecutive age groups (P>0.01) (Table 14) . Statistically significant differences between age groups 0-12 months* (P<0.001), >12-36 months, >3-6 years* (P<0.001), >6-9 years, >15-18 years* (P<0.001) in Group I and II were statistically significant. The correlation coefficient of the presented index was 0.42. The index showed an increase according to the age (Table 15) . Changes observed between age groups >3-6 years (P<0.02), >6-9 years (P<0.03), >9-12 years* (P<0.002), >12-15 years* (P<0.001), >15-18 years (P<0.001) in the Group I and II were of statistical significance. Changes between consecutive age groups were statistically significant with reference to group "012 months", except for group >12-36 months (Table 16 ).
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Discussion
Current methods of imaging, and especially CT, are able to visualize changes in size and shape of the intracranial fluid spaces [2, 5, 13] . Changes of the ventricular system may be a result of different pathological conditions which may occur in infantry and childhood [5, 14] . The volume of the ventricular system may be affected by a variety of conditions, which in turn can cause hydrocephalus. However, the size of the ventricular system in children can show individual or developmental changes. A more accurate assessment of changes of the ventricular system may be achieved by a quantitative evaluation of cerebral fluid compartments.
Defining normal values for CSF spaces in childhood is essential for the diagnostics of all diseases and pathological changes within this system.
In the present study, reference values of the most often used indices were calculated.
Huckman Number is a useful parameter to evaluate the diameter of the anterior ventricular horn. The estimated norm ranged from 3.3 cm (as the 10 th percentile for the "0-12 months" group) to 5 cm for the ">6-9 years" group, as the 90 th percentile, which was the highest value for all age groups (Table 3) . Changes of the index were age-dependent and so were the norms. Norms varied among consecutive age groups. Especially the lower border showed a strong correlation to age (from 3.3 cm for the youngest group to 4.0 cm for the oldest one). However, changes between groups were not statistically significant. There were no reports for analogous age groups. In the studies by Meese et al. [7] , the mean Huckman Number was 3.5 cm for the group "0-2 years", which was in accordance with the median value (3.9 cm) of our youngest age group (0-12 months).
For years, Evans' Index has been commonly used in diagnostic imaging. Currently, because of a low diagnostic sensitivity and specificity of the index, it is described as insufficient, i.e. if occipital ventricular horns expand earlier than the anterior ones [4] . According to our data, the Evans' Index reference value ranged from 0.218 for the ">6-9 years" group (as the 10 th percentile) to 0.312 for the "0-12 months" group, as the 90 th percentile, which was the highest value for all age groups (Table 5 ). There were no reports about developmental changes of the index. Kosourow et al. [9] reported a mean Evans' Index value ranging from 0.22 to 0.28 in adults. The reported data were in accordance with the norm value for our oldest group (>15-18 years) equal to 0.230-0.276. It is known [8] that the Index value above 0.300 indicates a progressive hydrocephalus. However, the norm value found in our research for the "0-12 months" group was even higher and amounted to 0.312. Evans' Index was only weakly age-dependent (correlation coefficient of "-0.12") but changes between consecutive age groups were not statistically significant.
Bifrontal Index results enabled us to establish its norm, ranging from 0.265 in the ">6-9 years" group, for the 10 th percentile, to 0.380 in the "0-12 months" group, for the 90 th percentile, which was the highest value in all age groups (Table 7 ). There were no reports describing developmental changes of the index. Previous reports have shown the index value of over 0.500 as the symptom of hydrocephalus, while the index level of less than 0.400 was found to be the reference value [8] . In the presented study, the norm value did not exceed 0.380, which was in agreement with previous reports. Index value decreased with age (correlation coefficient of "0.18").
The norm value of the Bicaudate-Frontal Index ranged from 0.212 in the ">3-6 years" group (for the 10 th percentile) to 0.524 in the "0-12 months" group, for the 90 th percentile, which was the highest value for all age groups (Table 9 ). There were no reports about developmental changes of the index. Index reference values reported by Meese et al. [7] amounted to ≥0.35 for the "0-2 years" group, which was in agreement with our reports (0.379 for the "012 months" group). The results of this study indicated that index value decreased with age (correlation coefficient of "-0.33") and the highest levels of the index were observed for the "0-12 months" group. Changes of the index value between consecutive age groups were statistically significant in relation to values for the youngest group.
Bicaudate Index showed norm values at the level of 0.059 in the "3-6 years" group, for the 10 th percentile and 0.152 in the "0-12 months" group, for the 90 th percentile, which was the highest value for all age groups (Table 11 ). There were no data on developmental changes of the index. However, the norm value reported by Meese et al. [7] was below 0.200, which was in accordance with the norm value presented in our "0-12 months" group, i.e. 0.152. Index values decreased with age (correlation coefficient of "-0.26") and index level of more than 0.300 indicated a progressing hydrocephalus [8] .
According to our data, norm values of the BicaudateTemporal Index ranged from 0.051 in the ">3-6 years" group, for the 10 th percentile to 0.138 in the "0-12 months" group, for the 90 th percentile, which was the highest for all age groups (Table 13 ). There were no data about developmental changes of the index. Norm values of the BicaudateTemporal Index, reported by Kosourow et al. [8] for adult patients ranged from 0.50 to 0.180 (which was a wider range than the one in our study, for the ">15-18 years" group, i.e. from0.06 to 0.10. The obtained results showed index decrease with age (correlation coefficient of "0.32"), with the highest value in the "0-12 months" group. Changes between the consecutive age groups were statistically significant in the ">12-15 years" group, and ">12-36 years" group, in relation to the "0-12 months" group.
The results of direct linear measurements showed the size of the anterior horns decreasing with age. Comparative studies of the indices for anterior horns showed the greatest differences between age groups analogous to Group I and II for the Bicaudate-Frontal Index and the Bicaudate Index, which indicates their high sensitivity to pathological changes.
Analyzing the size of the lateral ventricles in children, we used indices concerning the entire skull size. Schiersmann's Index enabled us to estimate developmental changes of the ventricular system regarding the skull size. In the presented study, the norm values of the Schiersmann's Index ranged from 3.545 in the "0-12 months" group, for the 10 th percentile, to 6.038 in the ">9-12 years" group, for the 90 th percentile, which was the highest value for all age groups. A mean value of the index, reported by Falicki and Januszkiewicz [10] based on USG examinations of infants was 3.8, which was in accordance with our results obtained in the "0-12 months" group (median of 3.968). The index showed an increase with age (correlation coefficient of "0.42").
The results of this study indicated that indices for ventricles change with age. However, particular compartments of the ventricular system do not grow uniformly. Indices describing the anterior horns decrease with age, as the Schiersmann's Index. In most cases, the lateral ventricles are larger in the first year of life or in the first three years. Then, they start to decrease. The most significant changes of the ventricular size were noted after the 6 th year of life. Lateral ventricular compartments develop in a uniform manner till the age of 15 (in the following groups: >6-9 years, >9-12 years, and >12-15 years). In the oldest group, i.e. >15-18 years, index values were in accordance with the level presented in the ">12-36 months" group (Table 15 ).
